Summary: ORCAN (ORtholog sCANner) is a web-based meta-server for one-click evolutionary and functional annotation of protein sequences. The server combines information from the most popular orthology-prediction resources, including four tools and four online databases. Functional annotation utilizes five additional comparisons between the query and identified homologs, including: sequence similarity, protein domain architectures, functional motifs, Gene Ontology term assignments and a list of associated articles. Furthermore, the server uses a plurality-based rating system to evaluate the orthology relationships and to rank the reference proteins by their evolutionary and functional relevance to the query. Using a dataset of 1 million true yeast orthologs as a sample reference set, we show that combining multiple orthology-prediction tools in ORCAN increases the sensitivity and precision by 1-2 percent points. Availability and Implementation: The service is available for free at
Introduction
The identification of orthologs-gene pairs descended from a common ancestor through speciation event rather than duplication-is a fundamental task for all aspects of biological research. Orthologs have been used not only as evolutionary markers to infer species phylogenies but also to link functionally equivalent genes across genomes, thus allowing annotation of unknown proteins in other species (Kristensen et al., 2011) .
However, the challenge today is not the lack of orthology predictions but the plethora of methods that have been developed in recent years (Altenhoff et al., 2016; Gabald on et al., 2009 ). Since these methods optimize different criteria and employ various strategies (ranging from the simple reciprocal-best-hit approach to the treebased methods), they very often produce inconsistent results. Such heterogeneity presents a major obstacle to researchers who only need to know the current 'best' set of orthologs that can be identified for their gene of interest (Gabald on et al., 2009) . In addition, current orthology prediction methods do not provide functional annotation for the identified genes, thus forcing users to 'shop around' for different solutions, which is cumbersome and time-consuming. Although many initiatives create databases of pre-computed orthologous gene assignments for available genomes, such calculations scale quadratically along with an increasing number of genomes (Deluca et al., 2012) , making the inclusion of all available genomes no longer feasible. As a result, information in the orthology databases lags behind the current sequence resources, and this gap is expected to increase in the future. Currently, there are no web-based applications available that would allow for real-time identification and functional annotation of orthologs.
We have created ORCAN, a web-based meta-server that combines the advantages of 13 different computational tools and is Applications Note being synchronized with the most up-to-date sequence resources in order to offer a fully automated on-the-fly identification of orthologs for any protein sequence as well as provide insights into their function.
Results

ORCAN usage overview
An outline of ORCAN's workflow is shown in Figure 1 . The server requires a protein sequence (plain text or FASTA) and a specified species for: (i) the input sequence and (ii) the target organism for the ortholog search.
Once the user data are submitted, ORCAN queries 4 highquality online orthology databases in real time [eggNOG 4.5 (Huerta-Cepas et al., 2016) , OMAbrowser (Altenhoff et al., 2015) , OrthoDB 8 (Kriventseva et al., 2015) , HOGENOM 6 (Penel et al., 2009) ]. Simultaneously, the server runs locally the 4 most popular orthology prediction tools [InParanoid 4.1 (Remm et al., 2001) , RBH (Reciprocal Best BLAST Hit), RSD (Deluca et al., 2012) , OrthoMCL (Li et al., 2003) ] using the latest version of UniProt Reference Proteomes (UniProt Consortium, 2015) . The system then uses 5 additional comparisons between the query protein and the identified orthologs: (i) pairwise sequence alignments using the EMBOSS needle and water programs (Rice et al., 2000) ], (ii) protein domain architecture annotation with HMMER3 and the Pfam database (Finn et al., 2016) ], (iii) functional motif detection with the PROSITE scanner (Sigrist et al., 2013) ], (iv) association of terms retrieved from Gene Ontology (Gene Ontology Consortium, 2015) and (v) a search for available article headings by querying PubMed and cross-linking with UniProtKB. As a result, ORCAN returns an extensive report containing the outputs of all of the computational tools as well as a summary panel providing ranked-based final orthologous predictions.
Features
There are several advantages of using ORCAN over other available orthology prediction tools and/or databases:
(1) Quality evaluation of orthology assignments. The server uses a plurality-based rating score (ranging from 1 to 10) (Supplementary Table S2 ) that is assigned to each orthology prediction, based on its level of consistency across the various databases and tools as well as functional relevance of the predicted proteins to the query sequence calculated by extracting similarities from: GO term annotations, publications, content and order of functional protein domains. The feature is useful when orthology tools predict different and nonoverlapping ortholog sets for a given query protein.
(2) Up-to-date reference sequence data. ORCAN synchronizes with the UniProt Complete Proteome database. Since the existing orthology web-based resources provide only pre-calculated predictions, ORCAN is the first tool that operates on the largest and most up-to-date protein sequence dataset (7207 organisms, >26 million proteins); for example, the eggNOG 4.5 database published in January 2016 lacks almost 5000 UniProt proteomes that have been released since that time.
(3) Short analysis time. The procedure of evolutionary and functional annotation of a query protein is typically completed in less than 60 s, thus involving significantly less time and labor than is required to execute all of the individual tools manually.
(4) Easy to use. In contrast to other available orthology prediction tools, running an analysis with ORCAN is a 'one-step process'. After providing the sequence and selecting the target organism, the server will execute orthology predictions and functional annotation in fully automated mode without the need for further user intervention.
(5) Customizable workflow. By default, ORCAN runs all 14 analyses for the annotation of orthologs. However, the user can assemble an individualized annotation pipeline by selecting the computational components tailored to the project needs. In addition, the user can set or adjust the contribution of the selected tools in calculating the overall orthology assignment score by assigning weights (integers from 1 to 10) to individual underlying tools.
(6) High accuracy in orthology inference. Our benchmarks among 20 closely related yeast genomes show that using multiple orthology-prediction tools increases the recall (proportion of ortholog predictions that are correct) by 2 percent points and precision (proportion of actual orthologs that are correctly predicted) by almost 1 percent points (Supplementary Table S3 ). Supplementary Table S1 
